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Introduction
F o llo w in g early re p o rts th a t c a rb o n d io x id e en ric h ed a tm o s p h e re p ro lo n g s th e m a rk e t life o f fish (C o y n e, 1932; S h ew an , 1950), c o n s id erab le re se a rc h h a s been d o n e to show th a t m o d ifie d a tm o sp h e re p ac k ag in g (M A P ) e x te n d s th e shelf-life o f fish a n d fishery p r o d u c ts (S ta th a m , 1984; F ä rb e r e t al., 1990; S tam m en e t al., 1990). C a rb o n d io x id e is especially effective in in h ib itin g th e ty p ical H 2S -p ro d u c in g sp o ilag e m ic ro flo ra (Jen sen e t al., 1980) T h e m ic ro b ia l flo ra o f fish fro m sea w a te r co n sists o f G ra m -n eg a tiv e , p sy c h ro tro p h ic , a e ro b ic o r fa c u lta tiv e a n a e ro b ic b a c te ria :
P seu d o m o n a s, A lte ro m o n a s, Shew anella, M o ra x e lla , A cin eto b a c ter, F la vo b a cteriu m , C ytophaga a n d Vibrio (D eb ev ere a n d V o ets, 1974; G ra m e t al,, 1987; H u ss , 1988). T h e m o st activ e o f th e spo ilag e b a c te ria a r e Shew anella p u tre fa c ien s (p re v io u sly k n o w n as
A lte ro m o n a s p u tre fa c ie n s) a n d c e rta in P seudom onas, Vibrio a n d A ero m o n a s spp. (S hew an, 1977 ; D o n a ld a n d G ib s o n , 1992). T h ese b a c te ria a re classified as H 2S -p ro d u c in g b a c te ria th a t c a n b e e n u m e ra te d o n th e I ro n A g a r 3 selective m e d ia o f G ra m (G ra m e t al., 1987). M o s t o f th e se b a c te ria a re fac u ltativ e a n a e ro b ic m ic ro o rg a n ism s. W h e n oxy g en levels are d ep lete d , T M A O w h ich is a c h a ra c te ristic p a r t o f th e n o n p ro te in n itro g e n fra c tio n (N P N ) o f th e fish m u scle (H u ss, 1988) , serves as a te rm in a l elec tro n a c c e p to r fo r a n a e ro b ic re sp ira tio n (E a ste r e t al., 1983) a n d is re d u c e d to trim e th y la m in e (T M A ).
T h e to ta l v o latile b ases fra c tio n (T V B ) in clu d es a m m o n ia , m o n o e th y la m in e , d im e th y la m in e a lo n g w ith trim e th y la m in e (T M A ). T V B is p a r t o f th e N P N fra c tio n o f th e fish m u scle as w ell. T h e resid u al by th e s u b tr a c tio n o f T M A fro m T V B is called fo rm a lin -b o u n d v o la tile n itro g e n (F B V N ), a c c o rd in g to th e D y er m e th o d f o r T M A d e te rm in a tio n (D y er, 1945) . T h is fra c tio n o f T V B c a n in crease slightly d u rin g s to ra g e d u e to so m e re a c tio n s o f au to ly sis a n d d e a m in a tio n . T M A a n d T V B a re c o n s id e re d re sp o n sib le fo r u n p le a sa n t 'fishy' o d o r.
F re sh co d n o rm a lly h a s less th a n 20 m g N /1 0 0 g T V B a n d 3 m g N /1 0 0 g T M A . W h e n th e level o f T V B a n d T M A exceeds 35 m g N /1 0 0 g a n d 15 m g N /1 0 0 g respectively, th e fish is co n sid ered sp o iled (C o n n ell a n d S h ew an , 1980; H u ss, 1988) .
In this stu d y m o d ifie d a tm o s p h e re p a c k a g in g w as ap p lied o n fre s h co d . F o u r d iffe re n t g as m ix tu re s w ere used . In all fo u r cases th e p r o p o rtio n o f C 0 2 w as a t th e relatively h ig h level o f 60% . T h e p r o p o rtio n o f o x ygen w as se t a t 10, 20, 30 a n d 40% , respectively. T h e o b jectiv e w as to ex am in e th e in h ib ito ry effects o f C 0 2 o n th e m ic ro flo ra o f th e c o d a n d to in v estig ate th e p ro d u c tio n o f T V B -T M A in re la tio n to a v a ria b le av aila b ility o f oxygen.
M aterials and methods

S a m p le preparation
F re s h co d fillets (G adus m o rh u a ) w ere d iv id ed in p o rtio n s o f 1 0 0 g ea ch , a n d 3 p o r tio n s w ere p la c e d in p o ly p ro p y le n e (P P ) tra y s (15 cm x 10 c m x 5 cm ). T h e tra y s w ere th e n in tro d u c e d in 25 cm x 35 cm p la stic b ag s w ith h ig h o x ygen b a rrie r (S id am il, U C B T ra n sp a c , B elgium ). T h e p la stic b ag s a re m a d e o u t o f P V D C , la m in a te d w ith po ly ester, a n d h a v e a g as-p e rm eab ility o f 6 c c /m 2/2 4 h fo r 0 2, 2 c c /m 2/2 4 h fo r N 2 a n d 15 cc /m 2/24 h fo r C 0 2 a t 25°C a n d 100% R H . T h e b ag s w ere filled a n d sealed w ith an A -300, D o w n e rs g rav e (C V P S ystem s In c .), p a c k a g in g set. T h e follow ing m ix tu re s w ere used: 60% C 0 2, 10% 0 2, 30% N 2 (G 613), 60% C 0 2, 20% 0 2, 20% N 2 (G 622), 60% C 0 2, 30% 0 2, 10% N 2 (G 631), 60% C 0 2, 40% 0 2, 0% N 2 (G 640). O n e v o lu m e o f m o d ified a tm o s p h e re (300 m l p er 3 0 0 g o f fish) w as ad d e d . F ive sam p les o f each gas m ix tu re w ere sto re d a t 6°C a n d 9 5 % R H . T h e d ay th e sa m p le s w ere p re p a re d w as c o n s id e re d as d ay 0. A t d ay s 0, 3, 4, 5, 6, a n d 7 ch e m ic al a n d m ic ro b io lo g ic al an aly sis w ere p erfo rm ed .
M icrobiological analysis
T h irty g o f fish sam p le w ere co llected a sep tically in a sto m a c h e r b a g a n d d ilu ted ten tim es w ith sterile phy sio lo g ical sa lin e -p e p to n e so lu tio n (PS, 0 , 
C hem ical analysis
B efore o p en in g , th e gas c o m p o sitio n o f th e b ag s w as d eterm in e d w ith a S ervom ex g a s a n a ly z e r ( F o o d P a c k a g e A n aly zer, S eries 1400).
Im 
R esults
M icrobiological analysis
F ig. 1 sh o w s a p o o r in c re ase in th e n u m b e r o f th e to ta l a e ro b ic b a c te ria fo r all o f th e g as a tm o sp h e re s ap p lied . S to ra g e a t lo w te m p e ra tu re (6°C ) in c o m b i n a tio n w ith th e p resen ce o f 60% C 0 2 in h ib its b a c te ria l g ro w th . N o d ifference c a n b e o b se rv e d b etw e en th e to ta l a e ro b ic c o u n ts fo r th e d iffe re n t gas m ix tu re s.
T h e n u m b e r o f a n a e ro b ic b a c te ria d id n o t in c re a se d u rin g th e first 3 d ay s (F ig . 1), w h ich c a n b e a ttrib u te d to th e in h ib ito ry effect o f C 0 2 a t low te m p e ra tu re (6°). F ro m th e fo u rth d a y on, a n e x p o n e n tia l in c re ase o f th e a n a e ro b ic c o u n t w as o b se rv e d a n d su b se q u en tly it re a c h e d th e sa m e levels a s fo r th e to ta l a e ro b ic b a c te ria l p la te c o u n t a t th e se v en th day . In th e g as a tm o s p h e r e G 6 1 3 , th e increase o f th e a n a e ro b ic c o u n t w as slow er c o m p a re d to th e o th e r a tm o spheres. L ac tic ac id b a c te ria in c re a se d b y 1 -2 lo g a rith m ic u n its d u r in g 7 d a y s in m odified a tm o sp h e re p a c k a g in g (F ig. 1). T h e re is n o d iffe ren ce in the lactic acid b a c te ria p la te c o u n ts a m o n g th e g as m ix tu res.
H y d ro g e n sulfide p ro d u c in g b a c te ria in creased 2 -3 log u n its in 7 d a y s sta rtin g fro m th e th ird d a y , ex c ep t in th e G 6 4 0 atm o sp h e re w h ere th e r e w as a n early o u tg ro w th (F ig . 1). In n o case th e c o u n t o f H 2S -p ro d u c in g b a c te r ia re a c h e d th e spo ilag e lim it o f IO7 cfu/g.
In cid en ce o f E n terobacteriacea e w as o b serv ed o nly a fte r 4 d a y s in th e G 613 a n d G 640 a tm o sp h e re a n d a fte r 5 d ay s in G 631 a n d G 6 2 2 a tm o s p h e re (F ig. 1). F u rth e r g ro w th w as v ery slow . O n th e sev en th d a y 10 c fu /g w e re p rese n t, ex cep t fo r th e G 640 a tm o s p h e re w h ere g ro w th w as slig h tly fa ste r a n d 100 c fu /g w ere c o u n te d finally (F ig . 1) 
C hem ical analysis
D iscussion
D e sp ite th e fa c t th a t th e to ta l n u m b e r o f b a c te ria , d e te rm in e d in P C A a t 25°C , w as rela tiv e ly h ig h a t d a y 0 (~ IO6 cfu /g ) it d id n o t in c re ase sig n ifican tly a n d re m a in e d b elo w IO7 c fu /g (F ig . 1). T h e c a rb o n d io x id e a tm o sp h e re , w ith v a ria b le p r o p o rtio n s in oxygen, ca n b e co n sid ered effectively in h ib ito ry o n th e to ta l a e ro b ic flo ra. T h is c o m p o sitio n o f a tm o sp h e re is in a c c o rd a n c e to m o st re c o m m e n d a tio n s a n d p ra c tic e s fo r 's e a fo o d ' su g g e stin g a n in itial c o n c e n tra tio n o f C 0 2 b etw e en 30 a n d 60% (D a v is, 1993) . T iffn ey a n d M ills ( 
. T V B ( -■ -), T M A ( -□ -) an d F B V N ( --) p ro d u c tio n in cod fillets packed u n d er m odified atm o sp h e res (G 613, G 622, G 631, G 640) fo r 7 days. (FB V N = T V B -T M A ).
0 2 a n d 60% C 0 2 as a n a lte rn a tiv e fo r w h ite fish. O n th e c o n tra ry , K im b e r (1984) d e c la re d th a t fish req u ires a n in e rt m ix tu re o f C 0 2 an d N 2, an d t h a t ca re is ta k e n to rem o v e a n y 0 2.
H o w ev er, significant p ro d u c tio n o f T V B a n d T M A , w h ich c o n trib u te s to a n eg a tiv e effect o n th e o rg a n o le p tic q u a lity o f th e fish fillet, w as n o tic e d . In c re a se in T V B is m a in ly ascrib ed to T M A p ro d u c tio n ra th e r, th a n to th e p ro d u c tio n o f o th e r v o la tile b ases (F ig. 2). T h e re a re n o t m a n y referen ces o n th e re la tio n o f th e gas m ix tu re to th e spo ilag e by T M A p ro d u c tio n . A c c o rd in g to E a s te r (1982) oxygen ex e rts a n in h ib ito ry effect o n th e T M A O -re d u c ta s e ac tiv ity o f A lte ro m o n a s sp p ., w hile C 0 2 h a s an in d ire ct in h ib ito ry effect o n th e sa m e en zy m e b y re d u c in g th e p H to ~ 6. E a s te r e t al. (1982) C O 2-30% O 2-30% M2 fo r co d fillets sto re d a t 0, 5 a n d 10°C a n d o b se rv e d th e T M A sc o re in c re asin g ra p id ly a fte r 11, 4 a n d 3 d ay s resp ectiv ely . In F ig. 1 it ca n b e seen th a t th e a e ro b ic flo ra sh o w s a fa c u lta tiv e a n a e ro b ic b e h a v io u r a n d is re sista n t to C 0 2. L ac tic ac id b a c te ria a re c a r b o n d io x id e to le r a n t to o , b u t re fe rrin g to H a n n a (1992) th e ir g ro w th in fish is lim ite d fo r th e first 14 d ay s. T h e in h ib itio n o f E nterobacteriaceae by c a rb o n d io x id e h a s b een re p o r te d several tim es in th e p a s t by o th e r rese arch e rs (G ili an d T a n , 1979; C o y n e, 1933; H a in e s, 1993). A m a jo r p a r t o f th e H 2S -p ro d u c in g b a c te ria is fa c u lta tiv e a n a e ro b ic a n d has th e ab ility o f re d u c in g T M A O to T M A (H u ss, 1988) . H y d ro gen sulfide p ro d u c in g b a c te ria rep rese n t o n ly a sm all p a rt o f th e to ta l flo ra in c o d fillets p a c k e d in C 0 2-a tm o sp h e re (Fig. 1) .
By c o m p a rin g th e fo u r types o f gas a tm o s p h e re G 6 4 0 a tm o s p h e re , (60% C 0 2, 40% 0 2) c a n be co n sid ered as th e m o s t effective fo r th e in h ib itio n o f T M A p ro d u c tio n . T h e h ig h e r oxygen av a ila b ility in th is a tm o s p h e re lead s to a low u tiliz a tio n o f T M A O as a se co n d a ry elec tro n ac c e p to r. H o w ev er, it h a s to be n o te d th a t th e a p p lic a tio n o f a G 640 a tm o sp h e re ca n n o t e n tire ly p rev e n t the sp o ilag e b y T M A . A p p lic a tio n o f h ig h e r o x y g en levels co u ld p o ssib ly red u c e th e p ro d u c tio n o f T M A b u t th is will be o n th e ex p en se o f th e c a r b o n d io x id e level a n d th e a n tim ic ro b ia l activ ity o f th e latter.
A to ta l a e ro b ic p la te c o u n t a t 25°C o f a IO6 cfu /g , c o m b in e d w ith th e p resence o f o n ly a IO3 c fu /g o f H 2S -p ro d u cin g b a c te ria , w h ich a re n o rm a lly co n sid ered as T M A O -re d u c in g o rg a n ism s in fish, c a n n o t ex p lain th e s tro n g in c re ase in T M A . In d e e d , a h ig h cell c o n c e n tra tio n o f m o re th a n IO8 c fu /g o f S h ew anella p u tr e fa ciens is re q u ire d fo r p ro d u c tio n o f a T M A level n o rm a lly fo u n d in sp o iled fish (D a lg a a rd , 1995) . T h is suggests th a t th e re c o u ld b e a n o th e r ty p e o f b a c te riu m in fish, n o t in v o lv ed in th e spo ilag e o f u n p a c k e d fish, w h ich a re re sis ta n t to 60% o f C 0 2, a re n o t H 2S -p ro d u cin g , a n d sh o w a h igh T M A O -re d u c in g c a p a c ity p er cell u n it. T h is co n c lu sio n is in ag re em e n t w ith th e fin d in g s o f D a lg a a rd e t aí. H a n n a , S. (1992) R a p id m icro b ia l m e th o d an d fresh fish quality assessm ent. In: G .M . H aii (editor), F ish Processing T ech n o lo g y , C h a p m a n a n d H aii, N ew Y ork.
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